Abstract
Introduction
Examination of a much wider range of specimens from Australian herbaria, as well as specimens from elsewhere (including many type specimens), has enabled us to further revise the taxonomy of the Australian species of Cheilanthes, following on from the publication of Quirk et a!. (1983) . One new species is described (c. adiantoides) and fourteen other species are recognised, one of which (c. sieben) has two subspecies. Of the fifteen taxa recognised by Quirk et a1. (1983) , two (c. shirleyana and C. nudiuscula) have been reduced to synonymy (with C. tenuifolia and C. hirsuta respectively), while one of the two Species Dubiae in Quirk et a1. (1983) (c. prenticei) is recognised, and the other (Cheilanthes sp.) is placed in C. caudata. Only one (c. praetermissa) of the four new species described by D.L. Jones (1988) is accepted, and Jones' new combination of C. pseudovellea is not accepted. Of the three taxonomic changes proposed by P.S. Green (1988) , one new combination (c. nitida) and one change of authority (for C. brownii), are accepted. The change of name proposed for C. sieberi is not substantiated.
The cytology of Cheilanthes was not further investigated. Nevertheless, the spore numbers in the sporangia (16 and 32) and the spore sizes (very large in the case of the 16-spored sporangia) are strong evidence of obligate apomixis occurring widely in the Australian species of Cheilanthes. The 32-spored sporangia may be the result of the 'normal' type 'Dopp-Manton' sequence (see Walker 1979 for discussion) where after four mitotic divisions of the archesporium, in one of which the cells fail to divide, eight spore mother cells are produced; the subsequent meiotic divisions result in 32-spored sporangia. The 16-spored sporangia contain 16 large spores as well as 16 minute aborted spores, suggesting that an uneven division is taking place. Four taxa,
Examination of a much wider range of specimens from Australian herbaria, as well as specimens from elsewhere (including many type specimens), has enabled us to
Diagnostic characters
Identification of Australian species of Cheilanthes is not always easy. A lOx hand lens will not usually be powerful enough for examining the hair and scale characteristics and certainly is not adequate for spore characteristics or counts. The dendritic nature of some hairs and scales, for example, can only be observed by removing and examining individual hairs or scales under a dissecting microscope. The diagnostic characters that were found to be most useful for the Australian Cheilanthes were length and density of hairs and scales, on stipe, rhachis and upper and lower pinnule surfaces, and the degree of frond division; spore characters were useful for some, but not all, of the species. The hair and scale distribution for upper and lower pinnule surfaces and for stipe or rhachis, for each Australian taxon, is shown in Figures 1-4 . The salient characters of the Australian taxa are summarized in Table 1 . As well, many useful figures, including figures of type specimens, will be found in Quirk et al. (1983) .
The hairs found on the Australian species of Cheilanthes are of two forms: simple hairs, Le. elongate unbranched (most species, see Figures 17d, 1ge) or, rarely, with a single branch ( Figure 13j) ; and multi-branched hairs, Le. dendritic compound trichomes (only in one species, C. lasiophylla, see Figure 18£ ). The hairs vary in length, from minute « 0.2 mm) to short (0.2-0.5 mm) to medium (0.5-1.0 mm) to long (> 1.0 mm). The hairs vary in rigidity and this is not dependent on their length, for example the minute hairs of in straightness: the rigid hairs tend to be straight, long weak hairs tend to curl and can form a dense tangled mass as in C. brown ii, while the hairs of C. sieberi subsp. pseudovellea are quite twisted. Rigid straight hairs tend to be erect, while weak hairs tend to be spreading. Glandular hairs are found on several species (Figure 13j ). Hairs may have blunt apices or they may taper to a point. Hairs are usually uniseriate, though occasionally they may be two cells broad at the base. Scales have multiseriate bases and taper to an apex, sometimes with protuberances along their margins (Figures 13e, 17e, 19f) ; in one species, C. lasiophylla, the scales have dendritic bases (Figure 18g ).
In some species the scales are densest at the junctions of stipe, rhachis and rhachillas ( Figure 1d ).
The range of hair density found in the Australian Cheilanthes can best be seen on the All spores examined in this study were from herbarium specimens. Sporangia were selected from sari which appeared mature. Spores were mounted on double-sided sticky tape on stubs, coated with gold in a sputter coater and examined under a scanning electron microscope. All spores were photographed at the same magnification and measured along their diameter (round spores) or across the surface in line with one of the axes of the trilete mark (tetrahedral spores). Measurements of single spores from different specimens (and different collections) were used in calculating average spore size for a species.
The spore sizes reported in this study indicate some differences from those given by Quirk et al. (1983) . In both studies the spores were measured from scanning electron micrographs. Differences in the lower limit of the spore size given in the two publications are probably the result of minor differences in the maturity of spores (although seemingly mature sporangia were chosen for both studies). In general the upper limit of the spore size has been extended in this new study because of the greater range of specimens available. In the case of several species there is significant new information on the spores. C. sieberi subsp. sieberi. Although Quirk et al. (1983: 519) gave two spore size ranges for this species, they omitted to mention that these two groups have different spore counts: plants either have 32 smaller spores per sporangium (Figure 5c Quirk et al. (1983: 525) (Figure 6e ).
C. pumilio. The spore size of 241lm diam. given by Quirk et al. (1983: 533) (Figure 8h ) per sporangium.
Scatter diagrams
The following characters were examined in specimens of apparently closely related taxa (see Table 1 ): frond division, hair density and length for the stipe, rhachis, lower pinnule surface and upper pinnule surface.
Four character states were used for each, as follows: .. . fragillima; h, C. caudata. Cheilanthes tenuifolia subsp. sieberi (Kunze) Domin, Biblioth. Bot. 85: 140 (1915) . LECTOTYPE: as for C. sieberi.
000-
Cheilanthes tenuifolia subsp. tenuifolia f. gracilior Domin, Biblioth. Bot. 85: 138 (1915 sieberi fit into the range of the 16-spored specimens on the scatter diagrams ( Figure   9a ), further supporting the interpretation that they belong to the same taxon. Although Quirk et a1. (1983: 519) recognised that there were two different spore size ranges for this taxon, they did not state explicitly that each was associated with a different spore number. Figure 34 .5B, C).
Rhachis and rhachillas with moderately dense to dense twisted hairs. Pinnules with sparse to dense twisted hairs on both surfaces, often denser on lower surface (Figures 1b; 13i, j) . Spores large, 16 per sporangium (Figure 5e ). 2n = 82 ± 3 (Quirk et a1. 1983: 522 (Quirk et al. 1983: Figure 37 (Figure 5e ) and the diameter of 32 11m given by Quirk et al. (1983: 522) seems incorrect although the size of the spore in Figure 37 of their paper is accurate. (Figure 9b ) show that C. adiantoides is distinguishable from C. austrotenuifolia also on the basis of frond division and pinnule hair characters; in frond division C. adiantoides appears more similar to C. sieberi subsp. sieberi (Figure 9a ,b). (Figure 6a,b) . 2n = 54 ± 2, 58 ± 3, 59 ± I, 55 ± 5 (Quirk et al. 1983: 510) . (Figure 5a ; Quirk et al. 1983 : Figure  36 ), and C. austrotenuifolia does not occur in this area. Cheilanthes sciadioides Domin, Biblioth. Bot. 85: 135 (1915 Cheilanthes tenuifolia subsp. queenslandica Domin, Biblioth. Bot. 85: 140 (1915 Domin 307, 1910 (PR).
Cheilanthes tenuifolia subsp. shirleyana Domin, Biblioth. Bot. 85: 145 (1915 NOTES: The earliest name given to the species is Dryopteris campestris by Rumphius (1750: 77, t. 34, f. 2), but as this name is pre-Linnaean, it is not included in the species' synonymy. Burman later named the species Trichomanes tenuifolia, which was taken by Swartz (1806) as the basionym of Cheilanthes tenuifolia. Domin (1915: 136-146 ) divided C. tenuifolia into a number of new subspecies; his specimens were examined in this study. Domin's specimens of his subspecies queenslandica (Domin 307) and shirleyana (Domin 306) were found to match Figure 27a and 27b respectively in Domin (1915) . Cheilanthes shirleyana is here included under C. tenuifolia. Although Domin's type and the BRI specimen cited by Quirk et al. (1983: Figures 6 and 7), both examined in this study, are almost glabrous and are broader than most C. tenuifolia plants, the spores : Figure 34 ) are not as distinct as believed by Quirk et al. (1983) , who examined a narrower range of material. We therefore do not believe that these two specimens are sufficiently distinctive to warrant their recognition as a different taxon.
Both Cheilanthes tenuifolia and C. contigua have sparse short acute hairs on the upper pinnule surface, but the hairs on the rhachises, rhachillas and midribs of the lower pinnule surface of C. tenuifolia (Figure 2a ; Quirk et al. 1983 : Figures 2 and 3 ) are sparse whereas those of C. contigua are moderately dense (Figure 2b ; Quirk et al. 1983 : Figure 9 ). Some specimens are difficult to place as they have some characteristics of both C. tenuifolia and C. contigua. These specimens may well be hybrids, although we have no evidence (such as aborted spores) to confirm this. As well as some individual specimens being difficult to place, others occur in collections containing material of both species, and this further supports the likelihood of hybridi-sation between the two species. Apart from the specimens that appear to be 'intermediate,' i.e. that fall into an overlapping area on the scatter diagrams (Figure 9c ), most specimens fall into two non-overlapping areas, C. tenuifolia specimens in one and C. contigua in the other. The two species are usually quite distinctive, not only with respect to the hair characters shown on the scatter diagrams, but also in a large number of other characters. The two species can usually be separated on pinnule shape, the pinnules of C. tenuifolia tending to be ovate and acute and those of C. contigua obovate and obtuse. The pinnae of C. tenuifolia are not usually as well separated along the rhachis nor are the pinnules as crowded as they usually are in C. contigua (see Figures 1 and 8 in Quirk et a1. 1983 ).
Rarely specimens of Cheilanthes tenuifolia have somewhat caudate pinnule tips (see Figure 7 in Quirk et a1. 1983 [as C. shirleyanaD, but these are not as strikingly caudate as C. caudata (see Figure 29 in Quirk et a1. 1983) , nor are the pinnules glabrous. Cheilanthes contigua differs from C. tenuifolia in having a denser cover of short hairs on the rhachis, rhachillas, upper pinnule surface and midribs of lower pinnule surface ( Figure  9c) ; its pinnules are more frequently obovate and obtuse and its fronds usually have more widely separated pinnae and more crowded pinnules than those of C. tenuifolia.
Cheilanthes contigua is distinguished from C. prenticei primarily by its morphology, also by its hair cover. Cheilanthes contigua ha~ finely divided fronds with short obtuse noncaudate pinnules whereas C. prenticei is usually bipinnate with linear-oblong or narrow deltoid pinnules, which are somewhat caudate at the frond extremities. The hairs on C. contigua pinnules are minute or short and usually denser on the upper than the lower surface (usually confined to the midribs of lower surface) whereas those of C. prenticei are longer and they are denser on the lower pinnule surface and along the pinnule margins. (Figure 11g ). Found in rock crevices or on skeletal soils on hillsides and ridges in tropical monsoonal regions.
NOTES: Although the location of Hooker's original specimen is not known, this species can be easily identified from the illustration accompanying his original description of Notholaena fragilis (Hooker 1864: t. 287 A) . This illustration also matches well with
Mueller's type at MEL (listed by Quirk et a1. (1983) (16) given by Quirk et al. (1983: 525) for C. fragillima are incorrect, although the spore micrograph scale gives the correct spore size (Quirk et al. 1983, Figures 38 & 39) . We found that C. fragillima has 32 spores per sporangium and a spore size range of 41-50 Jlm diam. (n=5) (Figure 6e ). NOTES: Cheilanthes caudata is a distinctive species, but shows a considerable degree of variation, even on the type sheet : Figure 28 ). Specimens at the limits of the species' morphological range may be confused with several other, possibly related, species. Cheilanthes caudata is most easily confused with C. nitida but the two are separated on the degree of frond division and pinnule shape: C. nitida is bipinnate with extremely elongated, linear pinnules (see Quirk et al. 1983 : Figures 30 and 31 [as c. tenuissima]). While possibly closely related to C. contigua and C. prenticei, C. caudata lacks the pubescent rhachises and pinnules of these species.
The typical Cheilanthes caudata is glabrous, with 32 spores per sporangium, and the final pinnules are elongated and linear with incised bases : Figure  29 ). Under C. caudata we now include the single specimen referred to Cheilanthes sp.
by Quirk et al. (1983: 547) as well as all other glabrous, caudate specimens. We also include several specimens from Queensland that have 16 spores per sporangium and very sparse hairs but are otherwise indistinguishable from the specimens with 32 spores. Domin 299 and 310 (Cheilanthes tenuifolia subsp. caudata var. diversiloba Domin) are in this group. On the scatter diagrams ( Figure 9d ) the 16-spored specimens of C. caudata mostly fit into the range of the 32-spored specimens, except that they tend to have denser hairs on the pinnule surfaces; the type (32-spored) falls in the overlapping area. The 16-spored forms may be hybrids of C. caudata with another species, perhaps C. hirsuta, since the spores are sometimes echinate like those of C. hirsuta Figure 6g . The two types cannot be distinguished by stipe colour, a character Jones (1988) suggests is useful for distinguishing the species. The C. pinnatifida type is almost identical to the topmost frond on the C. caudata type sheet, from which it differs only in the degree of division (tripinnatifid rather than tripinnate). Other specimens cited by Jones (1988) for C. pinnatifida are tripinnate (for example, Dunlop 5284). We cannot therefore agree with Jones' statement that C. pinnatifida is more like C. nitida than C. caudata since we believe that C. pinnatifida and C. caudata are the same species. Jones (1988) suggests that C. pinnatifida differs from C. nitida in the extent of frond division and pinnule length; the same differences separate C. caudata from C. nitida. Jones (1988) also draws attention to the distinctive lobing which precedes the apical cauda on most pinnae of C. pinnatifida; this is also true for C. caudata. Tryon 7344, Aug 1983 (NSW). Green, Kew Bull. 43: 653 (1988 Andrews (1990: Figure 34 .18 [as C. caudata var. tenuissima]).
Cheilanthes nitida (R. Brown) P.S.
Fronds to 34 cm long and 12 cm wide. Stipe and rhachis dark brown to black, glabrous or with sparse or, rarely, moderately dense, hairs (2-6 cells long, sometimes longer). Lamina ovate or oblong, bipinnate at base (the innermost basal pinnule may be trifolio late) and for most of its length. Larger pinnae deltoid. Pinnules somewhat acute, narrow, linear, at least ten times longer than broad, margins entire or, rarely, lobed, upper surface glabrous or, rarely, with dense minute rigid hairs (Figures 3a; 15c- NOTES: Robert Brown (1810) named this species Acrostichum pteroides. It was then moved to become the only species of Neurosoria, a genus created by Mettenius in 1869. Copeland (1947) recognized its close affinity with Cheilanthes caudata, which has fronds that are always tripinnate below. However, we believe that the species is clearly distinguishable from C. caudata and that the species (A. pteroides) and the genus Neurosoria both belong in Cheilanthes. As Green (1988) points out, the epithet pteroides cannot be used for this species because of Swartz's quite different Cheilanthes pteroides dating from 1806.
We are accepting that Pteris nitida R. Br. is synonymous with (and the basionym of) Pellaea nitida Baker, although the question cannot be resolved finally until the missing Brown type specimen (from tropical Australia) is located. As pointed out by Green (1988) , the correct name and citation for the species in the meantime should be Cheilanthes nitida (R. Br.) P.S. Green. Green (1988) has chosen one of the two specimens that Baker (1874) cited (which are conspecific with Bailey's) as neotype of Pteris nitida.
Cheilanthes nitida is very close to C. caudata, from which it differs mainly in the extent of frond division (Figure 9d ) and the length of the pinnules; hair characters can also distinguish the two species (Figure 9d ). An apparent overlap in the first scatter diagram (for frond division) occurs due to the trifoliolate nature of the innermost pinnules.of the lowest pinnae of C. nitida. In practice such specimens are easy to distinguish from the occasional bipinnate or tripinnatifid specimen of C. caudata: Domin 308,1909 Domin 308, -1910 (PR). NOTES: The holotype of Cheilanthes praetermissa is not glabrous as described by Jones (1988) ; the upper pinnule surface has small multicellular acute hairs, and the lower pinnule surface has sparser small-medium length hairs, some of which have glandular tips; the rhachis and stipe have sparse hairs of various lengths.
Although Jones (1988) states that C. praetermissa is similar in general form to C. nudiuscula, we know of only three specimens of the latter and these are now placed in either C. hirsuta (the type of C. nudiuscula, Brawn 60) or C. prenticei (BRI 226376 [2 specimens, formerly BRI 218826 and BRI 087848] ).
Cheilanthes praetermissa is most easily confused with C. pumilia and occurs within its geographic range. The two are similar in degree of frond division and stipe and rhachis hair density, but pubescent specimens of C. pumilia have denser hairs on the pinnules than pubescent specimens of C. praetermissa (Figure lOa) . The two species, especially the more easily confused glabrous specimens, can usually be separated on the basis of frond texture: C. pumilia fronds are membranous whereas those of C. praetermissa are leathery. Cheilanthes praetermissa has 32 spores that are similar to, but not as ornamented as, those of the 32-spored specimens of C. pumilia (Figure 7d-f; Quirk et al. 1983 : Figure 43 ).
Pubescent specimens of Cheilanthes praetermissa may be confused with C. cantigua. C. praetermissa is recognised by its coarser, leathery fronds and by the shape of its pinnules; the pinnules are elongate and usually taper evenly, whereas those of C. pumilia and C. cantigua are usually shorter with more rounded ends. Cheilanthes praetermissa also has pinnule midribs noticeably dark for up to two-thirds of the pinnule length, immersed veins (except at the pinnule margins) and the lowest pair of pinnae very unequally basiscopically divided. NOTES: Cheilanthes pumilio is easily distinguished by the membranous texture of its fronds; veins are clearly visible and hydathodes usually present. We now extend the range of variation considerably to include plants with a wide range of lamina and pinnule shapes and hair cover, with continuous or discrete sori, and robust specimens with frond division up to the tripinnate level. Some of these robust specimens have much greater frond and spore dimensions than the ranges published by Quirk et al. (1983: 533) and they have 16 spores per sporangium. The type material of C. pumilio is among these 16-spored forms. The 16-spored specimens fit within the range of the 32-spored specimens on the scatter diagrams (Figure lOa) . However, the 16-spored specimens of C. pumilio tend to be rather robust (taller with more divided fronds), with fronds that are somewhat thicker than the 32-spored specimens, though still membranous and therefore easily distinguished from C. hirsuta. Either the 32-spored or 16-spored forms of C. pumilio may be hybrids of C. pumilio with another species. Quirk et al. (1983) did not report the existence of 16-spored forms of Cheilanthes pumilio, probably because of the smaller number of specimens available to them. The spore size of 24 ~m diam. given by Quirk et al. (1983: 533) seems to be incorrect: in this study we found the size range of spores to be 33-50 ~m (32-spored forms) (Figure 7d -f) and 50-68 ~m (16-spored forms) (Figure 7g,h ). An unpublished photograph by Quirk et al. of a spore from the type of C. pumilio shows that it fits into the size range of the 16-spored form, and after examination of more spores from the type in this study (Figure 7g ), we can confirm the absence of trilete marks on these spores.
Under Cheilanthes pumilio we include C. dunlopii and C. cavernicola, two species recently described by Jones (1988) . Spores from the type specimens of both are shown in Figure 7 . Known only from the type specimen, C. dunlopii fits into our widened description of C. pumilio. Specimens of C. cavernicola, though paler and more hairy than most specimens of C. pumilio, fall at one end of, but within, the morphological range of the species and we believe that their morphology can probably be attributed to their habitat (moist shallow caves). Domin, Biblioth. Bot. 85: 142 (1915) . HOLOTYPE (Quirk et a!. 1983 c. tenuifalia subsp. nudiuscula f. pubescens Domin, Biblioth. Bot. 85: 142 (1915 (Figure 8e ). (Figure 12e ). Found on steep rocky exposed hillsides or in crevices of rocks or cliffs, often near a creek or gorge. Also occurs in Hong Kong, Timor, Philippines, New Caledonia and Fiji.
NOTES: The Australian specimens match the photo of the type and the descriptions of Cheilanthes hirsuta by both Desvaux (1813) and Mettenius (1869) . After examining a wide range of specimens and the photograph of the type, we believe C. hirsuta in its hair and spore characters to be an extremely variable species, and we now include C. nudiuscula under C. hirsuta (see Quirk et al. 1983: Figures 24-27) . The typical C. hirsuta is bipinnate; however, some specimens are tripinnate or tripinnatifid. Typically C. hirsuta has sparse medium length hairs on the upper pinnule surface and moderately dense hairs on the lower pinnule surface and rhachis. The pinnules or pinnule lobes of C. hirsuta range from oblong and rounded to triangular or deltoid.
Cheilanthes hirsuta has 16 spherical spores per sporangium and the spores are typically echinate ( Figure 8e ; Quirk et al. 1983 : Figure 44) ; however, the amount of ornamentation is variable and some specimens have spores that are quite plain. The type of Cheilanthes nudiuscula is not of typical C. hirsuta, but fits into the range of variation, for both frond morphology : Figure 26 ) and spore morphology : Figure 45 ), as do Domin's specimens of C. tenuifolia subsp. nudiuscula f. pubescens (Domin 300, 313, 314, and 315) and C. tenuifolia subsp. nudiuscula f. glabrata (Domin 311, 312 ). Domin's specimen (316) of C. tenuifolia subsp. nudiuscula f. pumilio is also referable to C. hirsuta.
Cheilanthes hirsuta is most easily confused with C. pumilio, a species that is easy to recognise because of the thin membranous texture of its fronds. Cheilanthes pumilio usually has 32 spores per sporangium, whereas C. hirsuta has 16 spores per sporangium. However, some specimens of C. pumilio, including the type specimen, have 16 spores per sporangium. These 16-spored specimens of C. pumilio also sometimes have C. hirsuta-like hairs on the pinnules, though they are thin-textured like most collections of C. pumilio.
Cheilanthes hirsuta can also be confused with C. prenticei, a relatively rare species found only in far northern Queensland. Cheilanthes prenticei is recognisable by the very dense long hairs on the lower pinnule surface; the same type of hairs usually form a fringe along the pinnule margins. C. prenticei also has a darker rhachis and the basiscopic halves of the lowermost pinnae are more developed than the acroscopic halves. While the two species are easily separated on morphological characters, including pinnule hair distribution (Figure lOb) , their different spore numbers can also be useful: C. hirsuta has 16 spores per sporangium, whereas C. prenticei has 32. 14. Cheilanthes lasiophylla Pichi-Serm., Webbia 8: 209 (1951 Figures 8a-d) ; Quirk et a1. (1983: Figures 20, 21, 42) ; Andrews (1990: Figure 34.20 (Figure 8a ). 2n = at least lOS, Quirk et a1. (1983: 531) .
DISTRIBUTION AND HABITAT: Occurs in central and southern Australia from Western
Australia to western New South Wales and north-western Victoria (Figure 12g ). Found on rocky slopes and in rock crevices in arid inland mountain ranges or rock outcrops.
NOTES: Cheilanthes lasiophyUa is easily distinguished from the scaly C. dis tans and the hairy C. brownii by the long hair-like branches that arise from the basal margins of the scales.
Fronds to 30 cm long and 3 cm wide. Stipe red-brown or dark brown, moderately dense to dense brown scales and some hairs. Rhachis colour as for stipe, with dense scales. Lamina linear, bipinnate or bipinnatifid at the base and for most of its length. Larger pinnae deltoid-ovate. Pinnules obtuse, oblong-elliptic, margins entire or lobed, upper surface with sparse to moderately dense slender white hairs and very sparse scales, or occasionally glabrous, lower surface with sparse to dense scales and very sparse hairs (Figures 4d; 19 ). Spores spherical, echinate ornamentation, granulose and ridged beneath ornamentation, 43-79 !lm diam., 16 per sporangium (Figure 8b ). 
